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Abstract
MIMO techniques are used in Wireless Broadband Access (BWA) 
networks to maximize spectrum efficiency and minimize the bit 
error rate. LTE is  one such BWA network which has adopted 
MIMO techniques in both the uplink and downlink along with 
Radio Resource Management (RRM) aspects like scheduling 
to improve the data rate. Scheduling is mainly concerned with 
allocating the available radio resources among the users depending 
upon the metrics such as Quality of Service (QoS) requirements 
of users, channel conditions etc. Hence in this paper, an attempt 
is made to study and compare the performance of scheduling 
algorithms (RR, PF, MT and BET) with MIMO techniques such 
as SISO, SIMO, SFBC and OLSM for Constant Bit Rate (CBR) 
traffic scenario. The performance metrics used are average 
throughput and average delay.
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I. Introduction
Ever increasing demand for multimedia applications such as 
video streaming, video conferencing, IP TV and many more has 
driven network vendors to adopt LTE. LTE technology provides 
enhanced peak  data  rates  in  mobile  platform by adopting 
MIMO techniques and advanced Radio Resource Management 
(RRM)  mechanisms such as scheduling. MIMO techniques 
provide a way of utilizing the multiple signal paths that exist 
between a transmitter and receiver to significantly improve the data 
throughput which can be achievable on a given channel bandwidth. 
Whereas, RRM mechanisms are critical for dynamic management 
of  radio spectrum which is the most valuable resource in mobile 
technology. One of the key RRM mechanisms is packet scheduling 
which allocates suitable radio resources to each to each User 
Equipment (UE) for transmission through the air interface. Hence 
in this paper an attempt has been made to study  the effect of MIMO 
and Packet scheduling on LTE system by considering average 
throughput and average delay as performance metrics. 
The rest of the paper is organized as follows. Section II de-scribes 
the architecture of LTE network. MIMO techniques are discussed 
in section III. Section IV describes the scheduling algorithms used 
in LTE. Simulation studies and results are given in section V and 
paper is concluded in Section VI.
II. LTE Network Architecture 
The systems designed using LTE technologies are  packet-based 
network, which consists of Evolve Packet Core (EPC) and Evolved 
Universal Terrestrial Radio Access Network (E-UTRAN). The 
architecture of EPC is shown in the Fig1. EPC functionalities 
include, charging and rate policing, setup of end-to-end 
connections, mobility management and authentication[2]. EPC 
is a single framework for packet-based real-time and non-real-
time services. The Evolved Universal Terrestrial Radio Access 
Network (E-UTRAN) contains network of LTE base stations 
called eNodeBs (eNB), which is responsible for handling the radio 
related communications between the User Equipment (UE) and 
the EPC. the architecture of E-UTRAN is shown in the Fig2.
Fig. 1: Core-network (EPC) Architecture
Fig. 2: Radio-Access-Network Interfaces
III. Multiple Input Multiple Output (MIMO) Antenna 
Techniques 
MIMO systems are used mainly for high speed wireless 
communications, since the use of multiple antennas provides 
better performance gains over single antenna system. There are 
different types of MIMO techniques[3] such as Single Input 
Single Output (SISO), Single Input Multiple Output (SIMO), 
Space Frequency Block Coding (SFBC) and Open Loop Spatial 
Multiplexing (OLSM).
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Single Input Single Output (SISO)
Fig. 3: SISO-Single Input Single Output.
Single Input Single Output (SISO) technique uses one an-tenna 
at the transmitter and one antenna at the receiver for radio 
transmissions (Fig. 3).
Single Input Multiple Output (SIMO)
Fig. 4. SIMO-Single Input Multiple Output.
A system which uses a single antenna at the transmitter and 
multiple antennas at the receiver is termed as Single Input Multiple 
Output (SIMO) (Fig. 4).  In SIMO, The received signals are added 
up for maximizing the signal to noise ratio (SNR) after linear 
combination thereby achieving higher datarates.
Space Frequency Block Coding (SFBC)
Fig. 5: SFBC-Space Frequency Block Coding
SFBC is a transmit diversity technique which is used to reduce 
the effect of multipath effect and interference. SFBC technique 
employs two transmit antennas and one receive antenna to improve 
the signal quality (Fig. 5).
Open Loop Spatial Multiplexing (OLSM)
Fig. 6: OLSM)-Open Loop Spatial Multiplexing
OLSM is one of the downlink transmission modes that can support 
the higher data rate in current releases of LTE. OLSM consist of 
two transmit antennas at the eNB and two receive antennas at 
the UE (2x2 antenna configuration), sending either one or two 
simultaneous data streams (code words in LTE parlance) from the 
eNB to the UE (Fig. 6). In a 2x2 antenna configuration, sending 
one data stream is known as Rank1 MIMO  and sending two data 
streams is known as Rank2 MIMO. The number of independent 
data streams that can be sent to the UE is restricted to either one 
or two steam, even if the number of transmit antennas at the eNB 
is increased to four.
IV. Scheduling Algorithms In LTE
Scheduling Algorithms are mainly concerned with allocat-ing 
the available radio resources among various users de-pending 
upon the metrics like conditions of the channel, Quality of 
Service (QoS) requirements of users etc. Scheduling Algorithms 
are required to increase the throughput of the individual users. 
There are no standardized scheduling algorithms implemented 
at the MAC layer of eNB in the LTE architecture. Hence the 
choice of different scheduling algorithms leads to different level 
of system performance[4-5]. In this section, Round Robin (RR), 
Proportional Fair (PF), Maximum Throughput (MT) and Blind 
Equal Throughput (BET) scheduling algorithms are discussed.
A. Round Robin (RR)
In Round Robin (RR) Scheduling Algorithm, the available 
resources are shared among various users one after the other 
without any priority. The scheduling is only based on the available 
Resource Blocks (RBs) during scheduling process [6]. It carries 
out fair sharing of time resources among all the users
B. Blind Equal Throughput (BET)
Throughput Fairness can be achieved with Blind Equal Throughput 
(BET) which considers the past average throughput achieved by 
each user and uses it as metric [3]. BET metric for the ith user is 
calculated as in (1) 
)(
1
, tRm i
BET
ki =                                                  (1)
Where is )(tRi given in (2).
                  (2)
Where  and )(tr i  is the data rate achieved by the ith 
user at time t. The factor )1( −tRi  represents the past average 
throughput experienced by the ith user at time t which is calculated 
as a moving average and it is updated every Transmission Time 
Interval (TTI).
BET scheduling algorithm allocates resources to users with lower 
past average throughput at each TTI.  Hence the user with lowest 
throughput will be served till same throughput as that of other 
users in the cell is achieved. In particular, users with bad channel 
conditions are allocated more often leading to consequent fairness 
improvement.
C. Maximum Throughput (MT)
MT scheduling algorithm aims at maximizing the overall 
throughput by assigning radio resources to the user that can 
achieve the maximum throughput in the current TTI. MT metric 
for ith user is calculated as in (3) 
     (3)
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Where  )(td ik  is expected data rate for ith user at time t on the 
kth RB  is given in (4) 
(t))SINR((t)d ikik += 1log     (4)
 MT scheduling algorithm maximizes cell throughput, on the 
other hand it performs unfair resource sharing since users with 
poor channel conditions (e.g., cell-edge users) will only get a low 
percentage of the available resources.
D. Proportional Fair (PF)
The PF scheduling algorithm provides a good tradeoff between 
system throughput and fairness by selecting the user with highest 
instantaneous data rate achievable relative to its past average 
throughput. PF metric is given in (5) 
                                                   (5)
Where  )(td ik  is expected data rate for ith user at time t on the kth 
RB  is given in (4) and  )(tRik given in (2).
The factor )(tRik represents the past average throughput 
experienced by the ith user until time t, is calculated as a moving 
average and it is updated every TTI for each user. Since the past 
average throughput act as a weighting factor of the expected 
data rate, users in bad conditions will be served within as certain 
amount of time. The parameter β is related to the time window
fT , over which fairness wants to be imposed, according to the 
relation (6) 
                                                      (6)
The choice between these schedulers is necessary to satisfy 
some degree of fairness by exploiting fast variations in channel 
conditions. 
V. Simulation Studies and Results
The performance of RR, PF, MT and BET scheduling algorithms 
for different multi-antenna techniques like SISO, SI-MO, SFBC 
and OLSM are evaluated using Qualnet 7.1 network simulator. 
The performance metrics considered for simulation studies are 
average throughput and average delay. The scenario designed 
for simulation studies consists of single cell with an eNB and 10 
UEs which are placed at the centre of the cell in a terrain area 
of 5kmX5km. A downlink CBR connection with a data rate of 
32Mbps is established between eNB and each UE. 
Table 1: Simulation Parameters
Property Value
Simulation-Time 100 sec
Downlink-Channel Frequency 2.4GHz
uplink-Channel Frequency 2.5GHz
Shadowing mean 4dB
Channel-Fading-Model Rayleigh
Channel-Bandwidth 10MHz
Antenna-Model Omni directional
eNB
PHY- Tx-Power 23dBm
PHY-Num-Tx-Antennas 1
Antenna-Height 12m
MAC-Tx-Mode 1(SISO), 1(SIMO), 
2(SFBC), 2(OLSM)
UE
PHY-Tx Power 12 dBm
PHY-Rx Antennas 1(SISO), 2(SIMO), 
1(SFBC), 2(OLSM)
Antenna Height 1.5m
MAC-Scheduler-Type
Simple
Scheduler
The snapshot of the scenario designed is shown in the Fig 7. 
The constant shadowing model and two ray path loss models are 
considered for simulation studies and the remaining simulation 
parameters are listed in the Table 1.
Initially simulation study is carried out for RR scheduling algorithm 
and SISO antenna technique in Rayleigh fading environment by 
enabling vehicular mobility to all UEs along pre-defined paths 
from centre to edge of the cell. Simulation studies are repeated 
for PF, MT and BET scheduling algorithms one at a time. Similar 
simulations are carried out for SIMO, SFBC and OLSM multi-
antenna techniques
Fig. 7: Snapshot of Scenario Designed With Pre-Defined Movement 
of UEs from centre to edge of the cell
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Fig. 8: Average Throughput performance of various scheduling 
Algorithms in Rayleigh Fading Region 
Fig. 8 and Fig. 9 shows the average throughput and average delay 
for different multi-antenna techniques in Rayleigh fading channel 
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respectively. From fig 8, it is observed that MT and PF scheduling 
algorithm achieves higher system throughput compared to RR and 
BET scheduling algorithms, since PF and MT algorithms consider 
channel conditions (highest instantaneous data rate achievable for 
each UE for each RB) in radio resources allocation[8-10].
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Fig. 9. Average Throughput performance of various Antenna 
Techniques in Rayleigh Fading Region
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Fig. 10: Average Delay Performance in Rayleigh Fading 
Region 
VI. Conclusion
The simulation is performed for predefined movement of the UEs 
from the center to the edge of the cell to compare the performance 
of different scheduling algorithms such as RR, PF, MT and 
BET in the Rayleigh fading region. The PF and MT scheduling 
algorithm provides comparatively better results. Further, SIMO 
multi antenna technique provide better average throughput and 
average delay performance.
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